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ABSTRACT
We present the results of optical long-slit spectral observations of interacting system Arp305
carried out at the 6m telescope BTA at the SAO RAS: the radial variation of gas kinematics
and oxygen abundance. This study continues the series of spectral observations of tidal debris
in the interacting galaxies. Here we pay special attention to the star-forming region between the
interacting galaxies – a tidal dwarf galaxy (TDG) candidate. This star-forming system appears
to be gravitationally bound or close to this condition. We show that TDG is metal poor in
comparison to the parental galaxy. It can indicate that either the origin of star-forming gas of
TDG was very far from the centre of parent galaxy or its gas has been diluted by the accretion
of metal poor intergalactic gas. Nevertheless the region of the brightest emission clump in
TDG where a current star formation takes place reveals a noticeable colour excess evidencing
a local gas concentration. We pay attention that TDG is situated in the region of intersection
of two gas flows and is in a process of formation probably caused by the collision of these
flows. Low velocity difference between TDG, NGC 4017 and the gaseous bridge between them
evidences that the lifetime of TDG is restricted by the time of its fall back onto the parent
galaxy.
Key words: galaxies: individual: Arp305, galaxies: kinematics and dynamics, galaxies:
evolution, galaxies: interactions, galaxies: star formation
1 INTRODUCTION
Arp305 is a small group of galaxies dominated by the wide pair
of interacting spiral galaxies of moderate luminosity: NGC 4016
and NGC 4017 having very close systemic velocities (about 3500
km s−1). For the adopted distance 50 Mpc the projected separation
of galaxies is 86 kpc. A comparison of the optical morphology
with the interaction models (Hancock et al. 2009; Sengupta et al.
2017) led the authors to conclusion that the interaction between two
galaxies took place within the last 4×108 yr, although the preceding
convergences could also take place.
Radio observations of neutral hydrogen (H i) which were car-
ried out at WSRT (van Moorsel 1983) and (with better resolution)
at GMRT (Sengupta et al. 2017) reveal a vast extension of H i disc
of NGC4017. Indeed, the distribution of H i in the vicinity of NGC
4017 has a complex character, revealing several tidal features, which
evidence that the galaxy is strongly disturbed by the recent conver-
gence with NGC 4016 (Sengupta et al. 2017). Higher resolution of
GMRT demonstrated the presence of NW and SE H i tidal tails,
diffuse NW gas extension and the bridge between galaxies (or a
straight and long tail of H i directed toward NGC 4016) (see Fig
1). The largest concentration of H i in the bridge beyond the optical
? E-mail: zasov@sai.msu.ru
disc of NGC 4017 coincides with the optical chain of blue knots im-
mersed in a faint haze, clearly visible in UV, located about halfway
between galaxies and stretched along the line connecting the inter-
acting galaxies at least at 7 kpc (Sengupta et al. 2017 give 11 kpc
for its length). This collection of young stellar objects is considered
as the tidal dwarf galaxy candidate (hereafter TDG). There is also
a hint of a continuation of faint optical emission in both directions
along the line connecting spiral galaxies. TDG is especially well-
prominent on the UVGALEXmaps, being bluer by index (NUV-g),
than the parent galaxy NGC 4017 (Hancock et al. 2009; Smith et al.
2010). Its total g -magnitude is 17.3 (Hancock et al 2009 gave 17.8,
the difference is most probably due to uncertainty of the adopted
boundaries of TDG) which corresponds to Mg ≈ −16.2m.
A photometry of clumps of TDG on the basis of GALEX and
SDSS photometry was carried out by Hancock et al. (2009). They
applied the STARBURST99 (Leitherer et al. 1999) Simple Stellar
Population models to the photometry data and concluded that the
mass of individual young stellar clumps is about 106M by the order
of magnitude. The clumps have a very small age, which allows to
conclude that the observed stellar island was recently formed from
the local concentration of gas in the tidal tail. The existence of older
stellar population is the open question. Spitzer infrared fluxes at
3.6 µm and 4.5 µm correspond to the mass of stellar population
4 × 107M (Sengupta et al. 2017). However this estimate is not
© 2016 The Authors
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Figure 1. H i surface density contours of Arp305 taken from the GMRT
map (Sengupta et al. 2017) overlaid on a composite SDSS gri image.
reliable, in particular due to the unknown contribution of red giants
and warm dust, but even if it is correct, the mass of gas enclosed in
the region of TDG far exceeds the stellar one.
This paper continues the series of spectral observations of tidal
debris in the interacting galaxies (Arp 270, Arp 194, NGC 4656,
see Zasov et al. 2015, 2016, 2017). Here we present the results
of optical long-slit spectral observations of NGC4017 and TDG
carried out at the 6m telescope BTA at the SAO RAS observatory.
The observations were aimed to study dynamics, gas excitation and
oxygen abundance in details to try to clarify a possible nature of
TDG.
2 OBSERVATIONS AND DATA REDUCTION
Arp305 was observed in the long-slit mode with universal spec-
trograph SCORPIO-2 (Afanasiev & Moiseev 2011) mounted at the
prime focus of the 6-m Russian telescope BTA at Special Astro-
physical Observatory of the Russian Academy of Sciences. The ob-
servations were conducted on 9-th of March of 2016 with the grism
VPHG1200@540 which covers the spectral range 3600-7070 Å and
has a dispersion of 0.87 Å pixel−1. The exposure time was 1200 sec
and the seeing was 1.1 arcsec. The slit orientation is PA = 327.5.
We show the position of the slit on composite ugr-image in Fig. 2.
We performed the data reduction in a similar way as in the
previous papers Zasov et al. (2015, 2016, 2017). Here we utilized
the idl based spectral data reduction pipeline. The data reduction
included a bias subtraction, a correction for flat-field and cosmic ray
hits removal. The datawere calibrated bywavelength using the spec-
trum of He-Ne-Ar lamp. The uncertainty of the wavelength solution
does not exceed 0.05 Å. We performed the air-glow lines subtrac-
tion using the peripheral regions of the slit where the contribution
of stellar light of galaxies is negligible. Then we transformed the pe-
ripheral night sky spectrum into the Fourier space and extrapolated
it onto the galaxy position by using the polynomial representation at
a given wavelength. As a final step we performed the flux calibration
using the spectro-photometrical stellar standard BD33d2642.
We estimated the instrumental profile of spectrograph from
the spectrum of twilight sky, taken at the same night. This spectrum
was fitted by a broadened high-resolution spectrum of the Sun. The
Figure 2. The position of the slit on the composite ugr-image. The elliptical
contour encircles the position of the proposed TDG between the galaxies.
The brightest knots of star formation in this region are shown by circles 1-3.
resulting parameters of instrumental profile and their variation both
with the wavelength and along the slit were utilized in the spectral
fitting by convolving the profile with a grid of stellar population
models.
To extract the emission lines from the stellar background and
to obtain the properties of stellar population we firstly binned the
spectra using the adaptive binning algorithm in order to achieve
minimal signal-to-noise ratio S/N = 15. After that we used the
nbursts full spectral fitting technique (Chilingarian et al. 2007).
This technique enables to fit the observed spectrum in the pixel
space against the population model convolved with a parametric
line-of-sight velocity distribution. We utilized the high resolution
stellar PEGASE.HR (Le Borgne et al. 2004) simple stellar pop-
ulation (SSP) models based on the ELODIE3.1 empirical stellar
library. nbursts technique allowed us to obtain the parameters of
stellar population (velocity, velocity dispersion, age and metallic-
ity) by means of non-linear minimization of the quadratic difference
chi-square between the observed and model spectra. After that we
subtracted the models of stellar spectra from the observed ones
and got the pure emission spectra. We fitted the emission lines by
Gaussian distribution and, proceeding from this, the velocity, ve-
locity dispersion and emission lines fluxes of the ionized gas were
derived.
3 RESULTS OF OBSERVATIONS
The main results of data processing are illustrated in Fig 3. The
panels from top to bottom demonstrate the reference gri image,
radial profiles of themeasured fluxes for some bright emission lines,
the velocity distribution of gas and stars, the ratios of the emission
lines fluxes, the oxygen abundance estimate. Square symbols on the
two lower panels show the values obtained after stacking the spectra
of extended areas of diffuse emission or of individual H ii clumps
(typical scale of about 10 − 15 arcsec), while circles correspond
to individual pixels after 3 × 1 binning along the slit. Circles and
asterisks correspond to the ionized gas and stellar kinematic data.
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Figure 3. The distributions along the slit of: a) emission lines fluxes, b) LOS velocities, c) flux ratios, and d) oxygen abundance. The slit position is shown
in the upper panel. Coloured circles correspond to the different emission lines. Asterisks demonstrate the stellar kinematical data. Square symbols show the
values obtained after stacking the low brightness emission regions beyond the prominent knots in the scale of about 10-15”. Pale-colored symbols mark the
less certain estimates.
3.1 Gas kinematics of the TDG and tidal tail
The line-of-sight (LOS) velocity distribution of emission gas re-
veals a general trend of velocity to grow from NGC4017 to TDG
and nearly constant velocity of emission gas between them. A com-
parison with the velocity field of H i obtained by Sengupta et al.
(2017), who used two resolution beams of about a quarter and about
a half of angular minute, shows a good agreement. High spatial res-
olution of the optical spectroscopy allowed to reveal local variations
of emission gas velocities along the slit caused by non-circular gas
motion, which is natural to expect in the regions of the current
star formation. The area of the significant velocity gradient on the
right side of the velocity profile corresponds to the bright region of
intense star formation located where the spiral arm of NGC 4017
transforms into the tail. This is the example of so-called ‘henge
clumps’ (Hancock et al. 2009; Struck 2011). Such features within a
galaxy disc may arise near the base of tidal tails, where the cross-
ing zones (caustics) of stellar orbits were formed as the result of
intersecting stellar streams. Gas orbital motion retards there, a dis-
sipative gas piles up in such regions, and, as a result a convergence
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of gas flows triggers the enhanced star formation ( Struck & Smith
2012; Smith et al. 2016).
Gas velocities in the TDG region are more disturbed than be-
yond it, so that the range of pixel-to-pixel velocity spread exceeds
50 km s−1. At the same time, we observe neither noticeable rota-
tion nor expansion of TDG: the mean velocities of its two brightest
clumps differ by no more than 20 km s−1. The average weighted
velocity dispersion within TDG after taking into account the un-
certainties of measurements is 17 km s−1. The restricted spectral
resolution does not allow to estimate reliably velocity dispersion of
emission gas from the width of emission lines, but we found that its
upper limit is about 50 km s−1, which is quite normal for emission
regions with photoionization mechanism of excitation.
3.2 Gas excitation and oxygen abundance
A position of the regions crossed by the slit on a classical BPT
diagnostic diagram (Baldwin et al. 1981) is shown in Fig 4. The
demarcation line separates the photoionised H ii regions and the
regions which are ionized by a harder radiation (a diffuse ionized
gas, see (Zhang et al. 2017)) or by collisional mechanism (Kewley
et al. 2001, Kauffmann et al. 2003). The diagram evidences a photo-
ionizing mechanism of H ii -emission in the vast majority of areas.
Several points revealing a harder excitation belong to the region
of relatively low brightness in the disc of NGC 4017 between the
conspicuous star-forming area (the “henge clump”) located on the
continuation of spiral arm, and the main body of the galaxy disc
where most of emission probably belongs to a diffuse ionized gas
excitated by hard UV radiation.
Line intensity ratios were used to find the oxygen gas-phase
abundance, which is the indicator of gas metallicity. The ratios were
corrected for selective absorption from the Balmer ratio Hα/Hβ
(see below for more details on the colour excess). Note that the
foreground Galactic extinction for Arp 305 does not exceed 0.1m
even in the u range.
We were not able to use a ‘direct’ Te method because of the
faintness of the [O iii] 4363 A emission line which is sensitive to
electron temperature. Therefore, we used several calibrations that
based on the strong emission lines. It is well known that there is
a large discrepancy between the metallicity estimates obtained by
differentmethods (see, e.g., Kewley&Ellison 2008; López-Sánchez
et al. 2012). Here we selected three methods: S-method proposed
by Pilyugin & Grebel (2016), izi method (Blanc et al. 2015), and
O3N2 method (Marino et al. 2013).
As one can see from the diagram in Fig 3, the gas abundance
in TDG is lower than in the outer part of the main galaxy, crossed
by our slit, especially if to accept the S-method. While the value
12+log(O/H) ∼ 8.2 - 8.4 for NGC 4017 is compatible with its
absolute magnitude MB ≈ -21, the oxygen abundance of TDG
found by izi and O3N3 methods is 8.1 - 8.3, which is too high for its
absolute magnitude MB ≈ −16 (see the diagrams for dIrr-galaxies
presented in Izotov et al. 2018 or Berg et al. 2012, their fig.3, which
predict 7.75 and 8.03 for a given luminosity respectively). Note, that
O3N2 method works well only for 12+log(O/H) > 8.15, and hence
cannot provide reliable estimates of oxygen abundance in the case
of a low metallicity of TDG. On the other hand, S-method gives
12+log(O/H) ≈7.8-8.1, which agrees within the error with the TDG
absolutemagnitude. However it should be taken into account that the
mass of H i in TDG exceeds its stellar mass significantly according
to Sengupta et al. (2017), so one would expect a much lower gas
enrichment for this dwarf in comparison with the “normal” dIrr
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Figure 4. BPT-diagrams constructed for individual bins along the slit (cir-
cles) and for stacked spectra of H ii regions or extended area of diffuse gas
(crosses; correspond to squares on Fig. 3). The ‘maximum starburst line’
(Kewley et al. 2001) separating photoionised H ii -regions and all other
types of gas excitation is shown in black; grey line from Kauffmann et al.
(2003) separates the regions with composite mechanism of excitation.
galaxies with long duration of star formation, rather it should be
closer to metal-poor BDGs (Izotov et al. 2018).
4 ON THE AGE OF STARS IN TDG
In order to specify the properties of stellar population of TDG we
plotted its regions on the (g-r) vs (u-g) diagram (see Fig.5). The
colors were calculated using SDSS images and corrected for the
internal extinction found from the Hα/Hβ ratio. The extinction
is not zero and has a local maximum: EB−V = 0.27 ± 0.05 in
the region of the brightest clump (2) 1, which corresponds to the
extinction AV = 0.5 − 1m for usually accepted RB−V . This value
1 See Fig. 2 for the position of the clumps.
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is not compatible with the observed low column density of gas,
especially if to take into account its low metallicity. However it may
be explained by high concentration of gas in the vicinity of young
clusters in a stage of formation at a scale of several hundred pc,
which is not resolved by H i observations. Note that the colour
excess found from Hα/Hβ of TDG beyond the maximum region of
clump (2) is small: EB−V = 0.03 ± 0.05. The same low extinction
is found for emission regions of the main galaxy crossed by the slit.
We considered separately the clumps of star formation 2 and
32 (blue circles), the entire TDG region (red circle) and the diffuse
emission of TDG in total resulting after subtraction of fluxes of the
knots 1,2,3 (blue triangle). Since the extinction is inhomogeneous
along the slit, which makes the correction uncertain for the entire
TDG region, we plot both corrected3 and uncorrected colours for the
entire TDGand its diffuse emission. In Fig.5we connect these values
by the straight lines. For clump (2) we used EB−V = 0.27 and for
clump (3) EB−V = 0.03. The two curves demonstrate the PEGASE2
evolutionary tracks with Z = 0.004 for continuous star formation
(cyan line) and instantaneous star formation (SSP; magenta line)
with the Kroupa IMF Kroupa (2002). Note that the regions of the
tracks for ages T<6 Myr are subjects to significant influence of
emission lines on the colour indices (Smith et al. 2008). We also
give the ages of stellar population for the closest points of model
tracks to the positions of the considered regions.
For comparison with normal star-forming galaxies we also
put the sample of dwarf irregular galaxies (with MB > −17m)
on the diagram, using their UBV colours from Hyperleda database
4 (Makarov et al. 2014). Their colours in most cases may be ex-
plained satisfactory by continuous star formation in the presence of
moderate extinction not fully taken into account by Hyperleda, or
by the mixture of continuous SF and SSP. As it is expected, Fig.5
shows that the bright clumps are younger than the entire island. The
position of the brightest clumps (2,3) could be satisfactory repro-
duced by both continuous and instantaneous star formation models.
In both models the clump (2) is the youngest one: its age does not
exceed 7 Myr. Most probably, this is the star cluster we observe at a
stage of formation. Note that if there were no significant extinction,
clump (2) would lie close to clump (3) on the diagram. Clump (3)
has redder colours and its position is in agreement with the model
track for instantaneous star formation for the age of several dozens
of Myr or continuous star formation for roughly hundred of Myr.
For the TDG in total and for its diffuse emission region beyond
the bright young knots the situation is more complicated. Their
colours lie closer to the position of the irregular galaxies and also
agree within the uncertainty of the estimates with the instantaneous
star formation model track for the age of several dozens Myr, es-
pecially if to apply a non-zero correction for colour excess. At the
same time, a proximity to the region occupied by dwarf Irr-galaxies
evidences that we can not exclude that it may also contain much
older stars (with ages of several Gyr). Note that Sengupta et al.
(2017) found that the Spitzer 3.6 µm and 4.5 µm flux densities of
TDG agree with the presence of old stellar population, formed be-
fore the latest interaction of the pair, although the interpretation of
[3.6-4.5] colour index remains ambiguous.
Thus, the colours of bright stellar knots generally are compati-
2 Clump 1 was not considered on the diagram because of uncertain esti-
mates of u-magnitude, however it was taken into account in the photometric
estimates of TDG.
3 We used here the maximal value of the correction EB−V = 0.27
4 http://leda.univ-lyon1.fr/
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Figure 5. The (u-g) vs (g-r) colour diagram. Large symbols with error bars
correspond to the regions of star formation between the galaxies (TDG):
stellar clumps (2) and (3) (blue circles), the entire island (red circle) and the
diffuse emission of the region (the total fluxes of the area with subtracted
fluxes of the knots, blue triangle). Lines give PEGASE2 model tracks with
Z=0.004 for instantaneous and continuous star formation (for more details
see the text). Small open circles show the position of dwarf irregular galaxies.
The symbols connected by straight lines correspond to the same regions
corrected and uncorrected for possible extinction.
ble with models of star formation which begun 4-25 Myr ago. This
age estimate in general agreeswith that of Hancock et al. (2009)who
obtained age <10 Myr for stellar clumps of TDG, despite they used
different evolutionary tracks and the regions they considered differ
from that studied in the current paper (our regions have smaller
apertures of about 4-4.6 arcsec and their positions do not exactly
coincide with respect to that in Hancock et al. 2009). At the same
time there are also hints on the presence of much older stars which
contribute to the diffuse emission of the stellar island.
5 DISCUSSION AND CONCLUSIONS
In the case of Arp305 we observe a current or recent star formation
in the extended area of tidal debris between two interacting galaxies,
where the stellar island rich of gas, or TDG, is the most prominent
low brightness object.
We observe neither noticeable rotation nor expansion of TDG:
the mean velocities of its two brightest clumps are very close, how-
ever the variation of LOS velocity along the slit is not monotonous
inside of TDG. Velocities found from Hα line, having the lowest er-
rors, demonstrate that the regular velocity change within TDG does
not exceed 20 km s−1, although the rotational velocity may be par-
tially smoothed by the velocity dispersionwhich is of the same order
of magnitude. The mean-square deviation of local LOS velocities
(in a scale of several pixels) from the error-weighted mean velocity
of TDG after taking into account the mean error of measurements
is σr = 17 km s−1. It is essential that the velocity dispersion of H i
has a similar value.
If to assume that the velocity dispersion is isotropic and the
diameter of TDG is 2R ≈ 10 kpc we obtain the virial mass Mdyn ≈
5σ2r R/G = 2 × 109 M. The mass estimate will be three times
lower if the velocity dispersion is mostly oriented along LOS. Even
in this non-real case Mdyn remains several times higher than the
stellar mass calculated from the r-band luminosity Lr × M/Lr =
3.5 × 108 M, where M/Lr = 1.2 M/L is stellar mass-to-
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light ratio obtained from the g-r colour and the model M/L-colour
relation from Bell et al. (2003). However these values of Mdyn are
comparable with the observed mass of gas connected with TDG:
according to Sengupta et al. (2017) neutral hydrogen mass MHI =
6.6×108M . After taking into account 30% input of He the total
gas mass: Mgas ≈ 109M . It confirms that TDG is at least close to
be gravitationally bound, so it is naturally to expect star formation
in the most dense regions near the tidal tail axis, where gas pressure
is locally enhanced.
As it was shown in previous section, TDG is the low abun-
dant system, where the oxygen abundance is less (and proba-
bly much less) than 1/3 solar value, which is usually taken as
12 + log(O/H) = 8.69 (Asplund et al. 2009). To check whether the
metal abundance of TDG can be a result of self-enrichment, it is
worth to estimate the effective stellar yield of oxygen ye f f needed
to account for its metallicity through the process of self-enrichment.
For this purpose it is convenient to use the simple expression follow-
ing from the “closed box” evolution model of oxygen enrichment
after the formation of stars with the total mass M∗ :
ye f f =
12 (O/H))
ln (1/µ) , (1)
where µ = MgasMgas+M∗ , is the relative mass of gas, so that
ye f f ≈ 12 (O/H)M∗/1.3MHI . (2)
.
If we assume for TDG thatM∗ ≈ 3.5·108M , (see above), then
to account for abundance 12+log(O/H)>7.8, obtained by the bright
emission lines methods, it needs the oxygen yield ye f f >2 × 10−3.
For the higher value 12+log(O/H) = 8.2, which is given by O3N2
and izi methods, ye f f ≈ 5 × 10−3. For comparison, the estimates
of ye f f for the gas-rich galaxies: ye f f ≈ (3 − 6) × 10−3 (Pilyugin
et al. 2007; Dalcanton 2007; Gavilán et al. 2013). This conclusion
agrees with the scenario where the star-forming gas in TDG has
chemically evolved independently of the parent galaxy. Note that
the outer regions of NGC 4017 are more metal-rich than TDG. One
may conclude that either the origin of star-forming gas of TDG
was very far from the center of spiral galaxy, so this stellar island
is mostly self-enriched, or its gas has been diluted by intergalactic
metal-poor gas after stripping.
A column gas density in the region of TDG is maximal in the
tidal bridge, reaching about 4×1020g cm−2 as it follows from the H i
surface densitymap fromGMRT. This value is close to the threshold
of appearance of young stellar population in the outer discs and tidal
debris at a kpc-scale (Maybhate et al. 2007). However the question
remains what caused the local burst of star formation we observe
in TDG. The width of star-forming region of TDG perpendicular to
the bridge axis in the sky plane is 4- 5 kpc, so we can admit that
the extension of gaseous bridge along LOS certainly exceeds 3 kpc.
Hence its column density corresponds to a volume density that does
not exceed several 10−25g cm−3, a density typical for the distant
outer regions of stellar discs in gas-rich galaxies. Following the
results of Sengupta et al. (2017), wewill take the value 10 km s−1 for
the velocity dispersion of gas along LOS in the unperturbed regions
of tidal tails, which corresponds to 17 km s−1 for spatial isotropic
velocity dispersion. A rough estimate of Jeans mass following from
these parameters is about 6 × 108M , which agrees with the total
(mostly gaseous) mass of TDG, as it is expected in the case when
the mass of TDG is close to that required for gravitational bounding.
Note however that the free-fall time for this density is too long –
about 108yr , being comparable to the time of dynamic evolution
of the perturbed galaxies. Hence, either a gas which fills TDG was
inhomogeneous initially, or the current star formation is triggered
by some external pressure.
It is essential that the observed chain of UV clumps and H ii
regions in TDG is extended along the bridge and is evidently formed
by gas compression acting perpendicular to the bridge axis. In this
connection it is worth noting that TDG is located in the region of
visible intersection of two gas flows: a gas forming the bridge and
more rarified gas of diffuse NW H i region, which is the exten-
sion of NW H i tidal tail (see Fig 1 in current paper and fig. 4 in
Sengupta et al. 2017). These two gaseous tidal features possess a
different dynamic properties and evidently were formed indepen-
dently: while the LOS velocity of gas along the bridge is close to
the central velocity of NGC 4016, a velocity of diffuse gas tail first
grows with distance from the parent galaxy, then smoothly falls,
approaching to the speed of TDG. It is natural to propose that these
gas flows intersect spatially in the region where we observe TDG
now. Indeed, we do not see any sign of continuation of diffuse flow
after intersection on the other side of the bridge. In this case the
enhanced gas density and turbulent motions observed in the TDG
region as well as the very formation of TDG may be considered as
the recent event caused by the collision of two gas flows.
A presence of young massive stellar clusters (clumps) in TDG
is tightly connected with the enhanced velocity dispersion, or tur-
bulent pressure of gas. As it was argued by Elmegreen & Efremov
(1997), a formation of massive stellar clusters takes place in the re-
gions of enhanced pressure, caused either by high initial density of
gas, or turbulent compression and large scale shocks. Parsec-scale
simulations of interacting galaxies also demonstrate that the tidal
forces intensify the compressive turbulence leading to the excess of
dense gas and generating the star formation activity (Renaud et al.
2014), what we observe in the case of blue stellar clumps of TDG.
In this case it is hard to expect the presence of stellar substrate
around the clumps older than several 107 yr, so the faint diffuse
glow of TDG observed in the red/infrared wavelength bands should
also be associated with the young stellar population. Note that if
the assumption of the existence of older stars proposed by Sengupta
et al. (2017) is correct, it would mean that TDGwas formed after the
previous convergence of galaxies and its star formation is recently
re-animated.
Our data allow to conclude that most probably we observe
TDG in a process of formation. Judging from its mass and the
observed spread of velocities of gas, TDG is close to the virial
equilibrium, although it is not totally virialized yet. A difference
between the velocities of young stellar clumps, found from the
brightest emission lines, does not exceed the velocity dispersion
of gas, so they are likely to form a single system. In the proposed
scenario it is difficult to expect the long lifetime of TDG. Low
velocity difference between TDG, NGC 4017 and the gas in the
bridge between them evidences that the lifetime of TDG should be
short enough, being restricted by the time of its falling on the galaxy
– either radially, along the bridge, or more slowly, if the tangential
velocity of TDG, which remains unknown, is not negligible5. In the
latter case the dynamic friction experienced by TDG in the halo of
spiral galaxy may also play role in shortening the lifetime. Even in
this case the time of the fall will be within 1-2 Gyr if it retains its
large mass. It is not surprising that the gravitationally bound tidal
5 It is worth noting that the chain of clumps inside of TDG as well as its
general shape is elongated along the line connecting two interacting galaxies,
which evidences in favor of low tangential velocity of TDG
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dwarfs possessing old stellar population are practically absent in the
interacting systems.
The system Arp305 is similar to other interacting systems
Arp194 and Arp270 that we studied earlier (Zasov et al. 2015,
2016). All these systems reveal the presence of local regions of the
intense star formation in the bridge between the interacting galaxies.
The fate of the TDG in Arp305 seems similar to that of the stellar
island in Arp194 – it will be soon accreted by the parent galaxy.
TDG is situated in a transitional region between two gaseous sys-
tems like the stellar conglomerates in Arp270 which are the result of
compression of colliding gas flows of galaxies in contact. The ages
of stellar population of star-forming islands are young in all three
systems we considered. However the variation of oxygen abundance
in these systems seems to be different, since in Arp270 the gas is
chemically well mixed while for Arp305 and Arp194 the metallicity
of stellar island in the bridge is lower than in the interacting galax-
ies. In addition, the effective oxygen yield of the star-forming island
in Arp270 is significantly lower than expected from the closed box
model in contrast with that of the island of Arp305 (see above). It
allows to conclude that the chemical evolution history of the con-
sidered interacting systems is different despite of the presence of
common feature – the clumps of intense star formation in the bridge
between galaxies. However there is one general conclusion for all
these systems. Our studies give evidences in favour of short lifetime
of stellar islands between interacting galaxies which seems to be the
reason of their more rare occurrence in tidal bridges with respect to
the tidal tails.
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